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THE  TRANSFORMATION  OF  SERO-FIBRINOUS  INTO 
PURULENT  PLEURISY. 
BY EUGENE L. OPIE. 
(From  the Rocke[eller Institute  [or Medical  Research,  New  York.) 
The preceding study has shown that turpentine  (one cubic centi- 
meter)  injected  into  the  pleural  cavity  of  the  dog  causes  rapid 
exudation of a  large quantity of coagulable fluid.  Fibrin contain- 
ing a considerable proportion of the leucocytes which migrate from 
the blood vessels as a result of the chemiotactic action of the irritant 
is  deposited  upon pleural  surfaces  and  the serous  fluid  about  this 
fibrin contains only a  small number of leucocytes.  In the fluid  is 
an  antienzyme which  holds  in  check the  enzyme contained  in  the 
polynuclear leucocytes, so that resolution of fibrin proceeds slowly, 
and at no time does the exudate assume the appearance of pus.  The 
pleural  surfaces undergo  no  permanent  alteration,  and  at  the  end 
of about two weeks, the pleural cavity has in most instances become 
normal, save for a  few organized adhesions. 
When the same quantity of the inflammatory irritant is  injected 
into  the  subcutaneous  tissue,  it  is  not  diluted by a  large  quantity 
of fluid.  A  considerable volume of fluid, perhaps  with the aid of 
the  negative  pressure  within  the  thorax,  readily  collects  in  the 
relatively  spacious  pleural  cavity,  whereas  accumulation  of  fluid 
in  the  subcutaneous  tissue  is  checked by  the  increase  of  tension 
which occurs when the tissue is infiltrated with fluid and leucocytes. 
Examination of this pus has shown  1 that leucoprotease of the poly- 
nuclear leucocytes so  far exceeds anti-body contained in the serum 
of the pus that the entire exudate undergoes autolysis when placed 
under suitable conditions. 
If the essential  difference between the suppurative  inflammation 
of the subcutaneous tissue with solution of tissue, on the one hand, 
and  the  sero-fibrinous  pleurisy,  with  which  for  a  considerable 
time fibrin  remains  undissolved,  on the other hand,  is  the  relative 
1Jour.  of Exper. Med.,  19o6, viii, 536. 
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proportion  of  enzyme  and  antibody,  it  is  probable  that  sero- 
fibrinous pleurisy may be converted into empyaema either by increas- 
ing  the  quantity  of  enzymes  or  decreasing  the  quantity  of  anti- 
enzyme.  The  following  experiments  indicate  though  they  do  not 
conclusively  demonstrate  that  a  sero-fibrinous  may  be  converted 
into  a  purulent  pleurisy by either  of  the  methods  which  have  been 
mentioned;  nevertheless  they  exhibit  very  clearly,  I  believe,  the 
mechanism by which  the transition  occurs. 
If  from  one  half  to  two  cubic  centimeters  of  turpentine  are  in- 
jected  into the pleural  cavity, turpentine  is  recognizable by its  odor 
in  the  pleural  exudate  until  the  end  of  about  three  days,  at  a  time 
when  accumulation  of  inflammatory products  has  reached  a  maxi- 
mum.  By subsequent  injections  of  the  same irritant,  there  is con- 
tinued  exudation  of fluid  and  emigration  of leucocytes.  A  second 
injection  of  turpentine,  three  days  after  the  first,  increases  the 
quantity of exuded fluid and prevents the disappearance of leucopro- 
tease from the fibrin. 
Experiment XVII.--One cubic centimeter of turpentine  was injected  into  the 
right pleura1 cavity of a  dog, and three  days  later the  same quantity was  again 
injected. 
Absolute Dullness. 
Before injection  1.2 cm. 
After  I  day  2.9 cm. 
After 2 days  5.5  cm. 
After 3 days  7.0 cm. 
After 4 days  14.8 cm. 
After 5 days 
I  c.c. turpentine  injected. 
Animal  sick;  I  c.c. turpentine  again injected. 
Animal  very sick;  dyspncea. 
Animal  found  dead. 
The  right  pleural  cavity  contains  165  c.e. deep  red  serous  fluid.  Loosely 
attached  to  the  surface  of  the  lung  and  to  the  diaphragm  is  a  layer  of  soft 
yellowish-white  fibrin measuring 3 or 4 ram. in thickness.  At the upper part of 
the  sternum  is  a  walled-off  cavity containing  5 c.c. of purulent  fluid.  The  left 
pleural cavity is normal. 
The ability  of the  fibrin present to undergo autolysis  after incubation  during 
seven days in various media  is indicated  by the following  table. 
Solution of Fibrin.  Biuret Reaction. 
With  0.2  per cent.  acetic  acid  +  +  +  + 
With neutral reaction  +  + 
With 0.2 per cent.  sodium  carbonate  +  +  +  +  +  :+ +  ,+ 
With  I c.c. serum of exudate  +  + 
s Biuret  reaction  was tested with  filtrate  obtained  after precipitation  of coag- 
ulable  proteid  by  trichloracetic  acid  (see  description  of  methods  in  preceding 
article). 416  Transformation  of Sero-fibrinous  Pleurisy. 
It is noteworthy  that power  to digest in an alkaline medium  indi- 
cating  the  presence  of  leucoprotease  is  far  greater  than  that  ob- 
served  in  any  of  the  experiments  recorded  in  Table  II  of  the  pre- 
ceding  article.  Furthermore,  one  cubic  centimeter  of  the  exuded 
serum  fails to inhibit autolysis. 
In  the  following  experiment  two  injections  of  turpentine  have 
produced  a  typically  purulent  exudate  at  the  end  of  seven  days 
after  the  first  injection. 
Experiment XVIII.--The  animal  received  0.5  c.c.  turpentine  in  the  right 
pleural cavity and three days later an equal quantity. 
Absolute  Dullness. 
Before  injection  o  cm. 
After I  day  4.3 cm. 
After 2  days  5.8 cm. 
After 3  days  7.6 cm. 
After 4  days  7.6 cm. 
After 5  days  9.5  cm. 
After 7  days  lO.7 cm. 
0.5  c.c. turpentine  injected. 
Animal sick. 
Animal inert. 
Animal  apparently  well;  0.5  c.c.  turpentine  in- 
jected  over  base  of  right  lung. 
Animal  very  sick;  dyspncea;  area  of  dullness 
about site of injection at base of right lung. 
As before; very marked dyspncea. 
As before; killed by h~emorrhage under  ether. 
The  right pleural cavity contained 245  c.c. of fairly thick opaque white puru- 
lent  fluid.  After  centrifugalization,  cells  are  found  to  represent  35  per  cent. 
of the volume.  Within the cavity is  a  voluminous mass  of ragged, often  semi- 
solid, yellowish-white fibrin which is evidently in process of disintegration.  The 
surface of the lung is opaque and greenish-white in color. 
The serum obtained by centrifugalization of the pleural exudate gives a  well- 
marked  reaction  for  peptone  after  coagulation  with  trichloracetie acid.  Agar- 
agar inoculated with pleural exudate  remains  sterile. 
Digestion  of the  disintegrating fibrin  is  indicated as  follows: 
With  0.2  per  cent.  acetic  acid 
With  neutral  reaction 
With o,2  per cent.  sodium carbonate 
With 0,5  c,c.  serum  of  exudate 
With  I  c.c.  serum  of  exudate 
With 2 c.c.  serum of exudate 
With undiluted serum of exudate 
Solution of Fibrin.  Biuret Reaction. 
+++  +++ 
++++  ++++ 
++++  +++~+ 
+++  +++ 
++  ++ 
++++  ++++ 
++++  ++++ 
The  serum  of  the  exudate  increases  rather  than  diminishes  the 
power  of  the  disintegrating  fibrin to  undergo  digestion. 
In the  following  experiment,  three  injections  of  turpentine  have 
caused an intense purulent inflammation. 
Experiment XIX.--A primary injection of 2  e.c.  turpentine  was  followed by 
two injections of o.5  c.c.  after three and  four days respectively. Eugene  L.  Opie.  417 
Absolute  Relative 
Dullness.  Dullness. 
Before injection  o  cm.  2  cm. 
After I  day  2.9 cm.  5  cm. 
After 2  days  4.5 cm.  6  cm. 
After 3  days  4-4 cm.  5.4 cm. 
After 4  days  2.7 cm.  3.8 cm. 
After 6  days  I2.4 cm. 




Apparently well ; o.5 e.c.turpentine  injected. 
Apparently well ; o.5 c.c.turpentine injected. 
Sick;  marked  dyspncea. 
When the  animal  was  killed  at  the  end  of six  days,  the pleural  cavity was 
found  to  contain  I8I  c.c. of  opaque  creamy-white  pus  (sterile),  which  after 
standing  became  viscid  and  on  centrifugalization  failed  to  separate  into  a  cel- 
lular  and non-cellular  layer.  This  accumulation of pus  was  approximately lim- 
ited  to the  anterior  two  thirds  of the  pleural  cavity, the  surface  of the  abscess 
cavity being covered in large part by a  layer of yellowish-white succulent fibrin. 
Occupying the  remainder  of the cavity and  situated  over the  dorsal part  of the 
lung and  between  lung and  diaphragm was  a  mass  of loose fibrin  containing in 
considerable  quantity  encapsulated  serous  fluid. 
The  enzyme content  of  (a)  the  fibrin  in  contact with  the  purulent  exudate 
and  (b)  the cedematous  fibrin  at the base of the lung were tested separately. 
(a)  Fibrin in  contact with purulent  exudate. 
Solution of Fibrin. 
With 0.2 per cent.  acetic acid  -p -+- 
With neutral  reaction  +  -~- +  -~- 
With 0.2 per cent.  sodium carbonate  +  -b  " 
Biuret  Reaction. 
d-+  + 
,+ ++ 
+  +-I-  + 
(b)  (Edematous  fibrin at base of lung. 
Solution of Fibrin. 
With 0.2 per cent.  acetic acid  +  +  + 
With neutral  reaction  -{- %- q- 
With o.2 per cent.  sodium carbonate  o 
Biuret Reaction. 
,+ +  +  + 
+  +  + 
+ 
The  absence  of  very  marked  increase  of  absolute  dullness,  al- 
though  a  large quantity  of fluid has been present  within  the  pleural 
cavity,  is  perhaps  explained  by  the  fact  that  fibrinous  adhesions 
have held  the lung in contact with  the  chest  wall;  at the  end  of six 
days,  there  has  been,  however,  impairment  of  resonance  over  a 
considerable  part  of  the  chest  wall.  These  facts  make  it  probable 
that  the  second  and  third  injections  have  been  confined  to  that 
part  of  the  cavity  which  has  been  found  at  autopsy  to  be  the  site 
of  purulent  exudate.  The  succulent  yellowish-white  fibrin  in  this 
part  of  the  cavity  has  undergone  digestion  with  much  greater 
activity  in  an  alkaline  than  in  an  acid  medium,  whereas  the  fibrin 
which  contains  serous  fluid  more  closely  resembles  that  which  is 
present  at  a  corresponding  time  after  a  single  injection  of  turpen- 418  Transformation  of Sero-fibrinous  Pleurisy. 
tine,  that  is,  when  resolution  is  in  progress;  the  latter  autolyses 
with  much greater  activity  in the presence  of acid  than  of alkali. 
In the preceding article,  it has  been shown  that  a  single  injection 
of  from one half to two cubic centimeters  of turpentine  is  followed 
by  a  sero-fibrinous  pleurisy  which  almost  constantly  undergoes 
complete  recovery with  restoration  of the  pleural  cavity to  normal. 
In  no  instance  among  thirteen  experiments  in  which  examination 
has been made  from three to seven days after  injection,  and  among 
four  experiments  of  longer  duration,  has  generalized  suppuration 
occurred within  the pleural  cavity as the  result  of a  single injection 
of turpentine,  though in two instances  small  macroscopic collections 
of  leucocytes  have  been  found  below  the  pulmonary  or  parietal 
pleura.  Since these two experiments  show that  foci of suppuration 
occur  though  rarely  under  the  conditions  which  have  been  men- 
tioned,  their  description  will  precede  that  of  similar  lesions  which 
were  found  far more commonly after  the  removal  of  fluid. 
Experiment XX. 
Absolute Dullness. 
Before injection  o  cm.  I  c.c. turpentine  into  right pleural  cavity. 
After I  day  3-7 cm.  Sick. 
After 2 days  5.4 cm.  Sick. 
After 3  days  5.9 cm.  Apparently well;  killed. 
The  right  pleural  cavity  contained  22  c.c. deep  red  serous  fluid  (sterile). 
Over the ventro-external surface of the right lung was a layer of white succulent 
fibrin,  I  to 1.5 ram.  in thickness.  Upon the surface of the lung within the fibrin 
were  two  slightly  raised  opaque  yellow  nodules  about  3  mm.  across.  Micro- 
scopical  examination  shows  a  central  mass  of polynuclear leucocytes  in  various 
stages of degeneration with nuclear fragmentation and necrosis.  In a peripheral 
zone,  mononuclear  cells  with  fairly  abundant  protoplasm  and  round  deeply 
staining nuclei are numerous. 
Experiment XXI. 
Absolute Dullness, 
Before injection  o  cm.  I  c.c. turpentine  into  right pleural  cavity. 
After  I  day  3.6 cm.  Inert. 
After 2 days  4.7 cm.  Sick. 
After 3  days  5.5  cm.  Inert. 
After 4  days  4.8 cm.  Apparently well. 
After 5  days  o  cm.  Relative  dullness  still  present  over  considerable 
area. 
The  right  pleural  cavity contained  43  c.c. deep  red  serous  fluid.  Over  the 
ventro-external  surface of the lung was  a  layer of firm  gray-white fibrin,  o.5 to 
I  mm. in thickness.  Between two lobes was  a very small  (about 2 mm. across) :Eugene  L.  Opie.  419 
collection  of  creamy white  fluid,  and  upon  the  parietal  pleura,  near  the  apex  of 
the  lung,  was  a  low  elevation  (about 7 mm.  across).  Microscopical  examina- 
tion of the latter shows  a  sharply  localized cavity filled with  polynuclear  leuco- 
cytes, many of which have  undergone  degeneration;  a  smaller  number of large 
and small mononuclear  cells are present. 
When,  on  the  contrary,  fluid  is  removed  by  aspiration  at  the 
height  of  exudation,  localized  pleural  abscess  not  infrequently re- 
sults.  At  this  time,  the  cavity  contains  abundant  fibrin  in  the 
meshes  of  which  are  polynuclear  leucocytes  in  great  number 
Experiments  in vitro have shown that this  fibrin contains  leucopro- 
tease  in  such  quantity  that  autolysis  quickly  occurs  when  the  in- 
fluence  of  the  exuded  serum  is  removed.  It  is  probable  that  a 
similar  process  occurs  when  fluid  is  removed  from  the  pleural 
cavity.  The occurrence of abscess  will  depend upon the complete- 
ness with which fluid is withdrawn.  In some instances , the aspirat- 
ing needle was  inserted  about  three centimeters  from the  sternum, 
the animal being held with the body in the normal horizontal posi- 
tion; withdrawal of fluid is, perhaps, more complete in this position. 
In  other instances,  the  limit  of  hepatic  dullness  in  the  back  beside 
the vertebral column was  determined with the animal  in its natural 
position.  When  the  animal  was  placed  with  its  body  erect,  fluid 
subsided to the dependent part and a  zone of movable dullness  was 
definable  in  the  back  above  the  level  of  the  diaphragm.  The  as- 
pirating  needle  was  inserted  within  this  area,  three  or  four  centi- 
meters  to  the  right  of  the  vertebral  column. 
In  seven  experiments  all  the  fluid  obtainable  was  withdrawn 
from  the  inflamed  pleural  cavity  two  days  after  injection  of  the 
irritant,  and  in  five instances,  localized  abscesses  resulted.  In  the 
two  experiments  which  follow,  abscess  formation  failed  to  occur. 
Experiment XXII. 
Absolute Dullness, 
Before  injection  o  cm.  I  c.c.  turpentine  injected into  right pleural  cavity. 
After  I  day  2.9  cm. 
After 2  days  4.9  cm.  5o  e.e.  straw  colored fluid  aspirated. 
After aspiration  o  cm. 
After 3 days  o  cm. 
The animal  was  killed  at  the  end  of  seven  days.  The  right pleural  cavity 
contained no fluid; the entire surface of the right lung, save the posterior border, 
was covered by an irregular firmly adherent layer of tough white fibrin, in places 
one  millimeter  in  thickness.  Microscopical  examination  shows  organization  of 
fibrin;  the  fibrin  remaining  contains  mononuclear  cells  but  no  polynuclear 
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Experiment XXIII. 
I  c.c.  turpentine injected into right pleural  cavity. 
6o  c.c.  serous  fluid  aspirated. 
Absolute Du|lness. 
Before inoculation  1.3  cm. 
After  2  days  i2.2  cm. 
After  aspiration  3.0 cm. 
After  3  days  1.5  cm. 
After 6  days  1.5  cm. 
After 9  days 
Experiment  XXV. 
I  c.c.  of  turpentine  injected  into  right  pleural 
cavity. 
85  c.c.  straw  colored  serous  fluid  withdrawn. 
Killed  with  ether  and  bleeding. 
Absolute Dullness. 
Before  injection  o  cm. 
After  2  days  I2.7 cm. 
After  aspiration  5.2  cm. 
After  3  days  5.I  cm. 
After 4  days  5.I  cm. 
After  Io  days  3.0  cm.  Animal  killed. 
The  right  pleural  cavity  contained  no  fluid;  abundant  tough  white  fibrin 
united  the  anterior  aspect  of  the  lung  to  the  chest  wall.  Microscopical  exami- 
nation shows advanced organization of fibrin containing only cells of mononuclear 
type. 
In  three  experiments  which  follow,  small  abscesses  were  found 
after  withdrawal  of  fluid. 
Experiment  XXIV. 
Absolute Dullness. 
Before  aspiration  3.6  cm.  I c.c. turpentine  injected  into  right  pleural cavity. 
After  I  day  3.6  cm. 
After 2  days  4.4  cm.  I4.5  c.c.  of  serous  fluid  withdrawn. 
After  aspiration  3.3  cm. 
After 4  days  3.3  cm.  Animal  killed. 
The  right pleural  cavity contained I  c.c.  of red turbid fluid.  There was  much 
fibrin forming a  layer  over the ventral  aspect  of  the  lung and over the  adjacent 
pericardium.  Upon the parietal  pleura  at the posterior part  of  the  cavity was  a 
yellowish  elevation which  contained purulent  fluid.  Within  an  interlobular cleft 
upon  the  anterior  margin  of  the  lung  was  a  small  enclosed  cavity  containing 
thick fluid of purulent  appearance. 
Microscopical section of fibrin taken at random shows degenerating leucocytes 
forming  collections  of  considerable  si~e.  A  section  of  the  nodule  upon  the 
parietal  pleura  shows  a  well  defined  abscess  cavity  within  the  layer  of  fibrin; 
polynuclear  leucocytes  with  nuclear  degeneration  are  mingled  in  great  number 
with  both  large  mononuclear  cells  with  vesicular  nucleus  and  small  cells  with 
deeply  staining  nucleus. 
Autolysis  of fibrin from the surface  of the  lung occurred  as  follows: 
Solution of Fibrin  Biuret Reaction. 
With  0.2  per  cent.  acetic  acid  q-  ~  -+-  -+-  q-  ,k-  q-  q- 
With  neutral  reaction  o  o 
With  o.2  per  cent.  sodium  carbonate  o  o 
With  I  c.c.  blood  serum  o  o Eugene  L.  Opie.  421 
The  right pleural  cavity  contained no  fluid.  Fibrin  was  abundant,  forming  a 
layer  about  I  mm.  in  thickness  over  the  surface  of  the  ventral  half  of  the 
external  surface  of  the  lung.  The  right  lung  was  bound  in  places  to  the  peri- 
cardium,  diaphragm,  and parietal  pleura.  The  left pleural  cavity  was  normal. 
Within a  layer of fibrin between the two  lobes of the lung is a  small flattened 
cavity  containing  viscid  fluid  of  purulent  appearance.  Microscopical  examina- 
tion  shows  a  central  mass  of necrotic material  containing polynuclear  leucocytes 
in  various  stages  of  degeneration.  Surrounding  it  is  a  zone  of  large  mononu- 
clear  cells,  many  of  which  have  ingested  the  altered  polynuclear  leucocytes.  A 




Before inoculation  2.I  cm. 
After  I  day  4.6  cm. 
After  2  days  6.2  cm. 
After  aspiration  o  cm. 
After 3  days  2  cm. 
After 4  days  2  cm. 
After  9  days  3.5  cm. 
I  c.e.  turpentine  injected into  right pleural  cavity. 
43  c.c.  reddish  serous  fluid  removed. 
Sick. 
Sick. 
Apparently  well;  killed. 
The  right pleural cavity contained no fluid.  The entire upper  lobe was  bound 
by a  layer of fibrin, from o.5 to  1.5  mm.  in thickness,  to  the  chest wall  and peri- 
cardium.  Within  this  fibrin  was  a  small  flattened  cavity,  about  I  cm.  across 
and  containing thick whitish  fluid having the  appearance  of  pus.  Corresponding 
to  this  focus  of  softening,  fibrin is  found  by  microscopical  examination  to  have 
undergone  solution;  polynuclear  leucocytes  undergoing  degeneration  are  fairly 
abundant,  but  similar  cells  which  are  necrotic  and  without  nuclei  occur  in 
great number. 
In the following experiments, aspiration of all  the fluid obtain- 
able has been followed by formation of cavities of considerable size 
containing sero-purulent or  purulent fluid,  and  this  localized  sup- 
puration has occurred even though the quantity of fluid withdrawn 
has  been  relatively  small  (IO  to  15  c.c.).  It  is  not  improbable 
that fluid has been withdrawn from a part of the chest completely or 




Before inoculation  o  cm. 
After 2  days  7.7  cm. 
After  aspiration  2.8  cm. 
After  3  days  4.2  cm. 
After 4  days  2.5  cm. 
Experiment XXVII. 
I  c.c.  turpentine  into  right pleural  cavity. 
All  fluid  (serous)  obtainable  withdrawn. 
Sick. 
Killed. 
Within  the  right  pleura  walled  off  by  fibrin  is  a  cavity  containing  IO  c.c.  of 
yellowish purulent  fluid;  fibrin lining the cavity is  soft  and  ragged  and evidently 422  Transformation of Sero-fibrinous Pleurisy. 
in  process  of  disintegration.  Microscopical  examination  shows  disintegrating 
fibrin infiltrated  with polynuclear  leucocytes in immense number.  The remainder 
of the  pleural  cavity contains  about  I5  c.c. of  reddish  serous  fluid  (sterile  on 
attempted culture),  together with  a  layer of compact  gray-white fibrin,  1.5  ram. 
in  thickness.  Autolysis  of this  fibrin  occurred  as follows: 
With  0.2 per cent.  acetic  acid 
With  neutral  reaction 
With  0.2 per cent.  sodium  carbonate 
With  I  c.c. blood  serum 
Solution of  13iuret 
Fibrin.  Reaction. 
+++  '+++ 
+  ++ 
0  0 
0  0 
Absolute 
Dullness. 
Before injection  I.i  cm. 
After I  day  5.2 cm. 
After 2 days  7-5 cm. 
After aspiration  4.5  cm. 
After 4 days  4-3 cm. 
After 8 days  4.2  cm. 
Experiment XXVIII. 
I c.c. turpentine  injected  into  right pleural cavity. 
Sick. 
All  fluid  (serous)  obtainable  withdrawn. 
Apparently well. 
Apparently well;  killed. 
In contact with the  sternum and  displacing  the upper lobe of the  right  lung 
is  a  localized  pleural  abscess  containing  4o  c.c. of  thick  creamy  white  pus. 
Attempted inoculation  of agar-agar has given a negative result.  The remainder 
of the pleural cavity is normal. 
The  foregoing  experiments  have  suggested  the  probability  that 
a  sero-fibrinous  pleurisy  of  greater  intensity  might  be  uniformly 
converted  into  empy~ema by withdrawal  of  fluid.  In  view  of  the 
variable results obtained after a  single injection of various amounts 
of  turpentine,  a  second  injection,  performed  at  a  time  when  the 
inflammatory  reaction  produced  by  the  primary  injection  had 
reached  its  height,  was  believed  to  offer  the  best  promise  of  uni- 
formly  increasing  the  intensity  of  the  reaction.  Experiments 
XVIII  and  XIX  have  shown  that  such  double  injection  may  re- 
sult in  suppuration.  But  in a  part of the  experiments  suppuration 
has  failed  to  occur.  In  such  cases,  after  aspiration  of  all  of  the 
fluid  which  could  be  obtained  within  twenty-four  hours,  a  serous 
has  become  a  purulent  exudate.  This  result  is  especially  note- 
worthy  because  the  withdrawal  of  fluid  removes  from  the  chest 
the  greater  part  if  not  all  of  the  inflammatory  irritant,  namely 
turpentine,  which  is  recognizable by its  odor  in  the  aspirated  fluid. Eugene  L.  Opie.  423 
Absolute 
Dullness. 
Before  injection  o  cm. 
After  I  day  2.3  cm. 
After 2  days  4.1  cm. 
After 3  days  5  cm. 
After 4  days  5.6  cm. 
After aspiration  o  cm. 
Experiment XXIX. 
2  c.c.  turpentine  into  right pleural  cavity. 
0.5  c.c.  turpentine  injected. 
38  c.c.  turbid  serous  fluid  (sterile)  containing  by 
volume 0.5  per  cent.  of cells. 
The animal was killed twenty hours  after aspiration.  The right pleural cavity 
contained  a  large  quantity  of  sero-purulent  fluid  in  which  were  6.5  per  cent.  of 
cells.  Fibrin  was  abundant  upon  the  surface  of  lung,  pericardium,  and  dia- 
phragm.  The  basal  part  of  the  layer  of  fibrin,  which  was  usually  2  or  3  mm. 
in  thickness,  was  fairly  firm,  but  the  superficial  part  was  soft,  opaque,  yellow 
and  partially  disintegrated. 
Autolysis  of  fibrin  occurred  as  follows: 
Solution  of  Biuret 
Fibrin.  Reaction. 
With o.2 per cent.  of acetic acid  +  +  +  +  +  +  + 
With  neutral  reaction  +  +  +  +  +  + 
With o.2 per cent.  sodium  carbonate  +  +  +  +  +  +  +  + 
Absolute 
Dullness. 
Before  injection  o  cm. 
After  I  day  4,4  cm. 
After 3  days  4.8 cm. 
After 4  days  9,5  cm. 
After aspiration  o  cm. 
After 5  days  7.9  cm. 
After 6  days  14.2  cm. 
After  II  days  16.6  cm. 
Experiment XXX. 
I  c.c.  turpentine  into  right  pleural  cavity. 
I  c.c.  turpentine  again  injected. 
Withdrawn  by aspiration  112 c.c.  red serous coag- 
ulable  fluid  (sterile)  containing  o.25  per  cent. 
cells;  serum  gives faint  reaction  for peptone. 
Large  zone  of  relative dullness  on  percussion. 
Withdrawn  for  examination  9  c.c.  creamy  white 
purulent  fluid  (sterile)  containing  22  per  cent. 
of  cells;  serum  gives  marked  reaction  for pep- 
tone. 
Sample  of  thick  purulent  fluid  withdrawn;  cells 
form 52 per cent.; marked  reaction for peptone. 
Animal moribund. 
The  right  pleural  cavity  contains  4o0  c.c.  thick  cream-white  pus  containing 
44.5  per  cent.  of  cells.  The  parietal  pleura  is  much  thickened  and  the  surface 
of the  lung has  a  greenish-gray  color.  Adherent  to  the  upper  lobe of  the  lung, 
and  in  places  elsewhere,  is  a  layer  of  altered  fibrin,  soft,  friable,  and  with  the 
appearance  of necrotic material. 
Absolute 
Dullness, 
Before injection  o  cm. 
After  I  day  4.5  cm. 
After 2  days  9.7  cm. 
After 4  days  8.2  cm. 
Experiment XXXL 
0.5 c.c. turpentine  injected  into  right pleural cavity. 
o.5  c.c.  turpentine  again  injected. 424  Transformation of Sero-fibrinous Pleurisy. 
Absolute 
Dullness. 
15.6 cm.  After 5 days  Withdrawn  by aspiration  IOO c.c. reddish  serous 
fluid  containing  o.5  per  cent.  of  cells;  faint 
reaction for peptone. 
After aspiration  Over  an  area  about  4  cm.  across,  absolute  dull- 
ness  remained,  but had disappeared  in the most 
dependent part of the chest. 
After 7 days  4.5  cm.  Impaired  resonance  throughout  right  chest.  For 
examination  was  withdrawn  I  c.c. of yellowish 
purulent  fluid  (sterile)  containing  approxi- 
mately 5o per  cent.  of cells. 
At the end of eight days,  when the animal was killed,  the right pleural  cavity 
contained 168 c.c. of purulent fluid  (sterile)  with 29 per cent.  of cells.  The right 
lung was covered by a mass of fibrin  about 5 mm.  in thickness,  yellowish-white, 
very  soft  and  evidently  in  process  of  disintegration.  The  serum  obtained  by 
centrifugalization  of  the  purulent  fluid  gives  a  well  marked  reaction  for  pep- 
tone  (+  +). 
Autolysis of the disintegrating fibrin  occurred after 7 days at 37  ° C. as follows : 
Solution ot  Biuret 
Fibrin.  Reaction. 
With 0.2 per cent.  acetic acid  -[- +  -]-  +  .+  + 
With  neutral  reaction  -+- -1- +  +  .+  --I- 
With o.2 per cent.  sodium carbonate  +  +  +  +  +  +: +: 
With  I  c.c. blood serum  o  o 
With  I  c.c. serum of exudate  +  q-  +  +' 
With  5 c.c. serum  of exudate  +  +  +  +  '+  + 
In Experiments  XXIX  and  XXX,  the fluid present  in the pleural 
cavity as  the  result  of  two  injections  of turpentine  has  been  serous 
in character  at the end of  four days after  the first injection;  aspira- 
tion  of  all  the  fluid  obtainable  after  puncture  at  the  posterior  and 
basal  part  of the chest,  the  animal  in upright  position,  has  been  fol- 
lowed within twenty-four hours by formation of a  purulent  exudate. 
The  fluid  which  was  previously  thin  and  reddish,  containing  less 
than  one  per  cent.  of  cells  has  been  replaced  by  thicker,  opaque, 
white  fluid  containing,  in  one  instance  6. 5  per  cent.,  and  in  the 
other  22  per  cent.  of  cells.  Fibrin,  which  with  sero-fibrinous  in- 
flammation  is  firm,  and  grayish-white,  has  become yellowish-white, 
and  undergoing  disintegration  is  soft  or  even  semi-solid.  The 
fluid  part  of  the  exudate  which  at  the  time  of  aspiration  exhibited 
a  faint  reaction  for  the  products  of  digestion,  twenty-four  hours 
later  gives a  well-marked  reaction.  At a  later  period,  the purulent 
characters  of  the  exudate  are  intensified,  cells  becoming  more 
abundant.  In  Experiment  XXXI,  examination  of the  pleural  con- Eugene L.  Opie.  425 
tents  has  not  been  made  until  forty-eight  hours  after  aspiration, 
and  at  this  time,  the  cavity  has  contained  fairly  thick  pus.  In 
Experiment XXX, in which purulent fluid has remained in the chest 
during six days, fibrin has, in large part, undergone solution. 
In order to define the essential difference between a fibrinous and 
a purulent exudate, tests of the autolytic power of the disintegrating 
fibrin obtained in the preceding experiments are  especially signifi- 
cant  when  compared with  similar  tests  made  with  fibrin  from  a 
sero-fibrinous exudate  (Table II of preceding article) ; autolysis in 
an  alkaline medium occurs in  experiments just described with  far 
greater activity. 
In Experiment XXXI,  one cubic centimeter of blood serum has 
completely inhibited digestion of  fibrin,  yet the  same quantity of 
serum  from  the purulent exudate  has  failed  to  prevent  action  of 
the enzyme contained in the fibrin, whereas in the presence of undi- 
luted  serum  of  the  exudate,  digestion has  been  more active  than 
with  one cubic  centimeter, the  volume of  fluid,  after  addition of 
normal  salt  solution when necessary,  being in  every  instance  five 
cubic centimeters. 
The  foregoing experiments have been described to illustrate the 
transformation  of  sero-fibrinons  into  a  purulent  exudate,  and  to 
indicate  the  associated  underlying changes  which  distinguish  the 
latter  from  the  former.  They  are  not  believed  to  indicate  that 
aspiration of fluid in cases of sero-fibrinous pleurisy is a  dangerous 
procedure,  changing  perhaps  a  relatively  mild  pleurisy  into  em- 
py~ema; in  the last  three  experiments which have  been  deseribed, 
it is probable that death would have occurred as the result of com- 
pression of the lungs and perhaps of the heart at an earlier period, 
had not aspiration been performed.  If they offer any suggestion 
applicable to  treatment of pleurisy,  it is  that complete withdrawal 
of fluid with acute pleurisy is undesirable. 
These experiments bring  further evidence that  with  an  inflam- 
matory reaction which has not reached the degree of intensity indi- 
cated  by  suppuration,  leucoprotease of  the  polynuclear leucocytes 
is  held  in check by antienzyme of  the  exuded serum.  Since the 
pleural  cavity  presents  conditions  favorable  for  the  accumulation 
of fluid,  the inflammatory irritant  is  in  the first place  rapidly di- 426  Transformation of Sero-fibrinous Pleurisy. 
luted;  after  a  singly injection  of  turpentine,  coagulable  fluid,  to- 
gether  with  polynuclear  leucocytes rapidly  accumulate,  but  at  no 
stage  of  the  reaction  does  enzyme overcome the  anti-enzyme. 
Polynuclear  leucocytes  which  are  present  within  the  layer  of 
fibrin deposited upon the surface of the lung removed in part from 
influence of the serum cause partial solution of this fibrin, but within 
five days aficer the onset of pleurisy produced by a  single injection 
of the irritant  undergo autolysis  and  disappear.  After aspiration 
of fluid, two processes may occur, in  some instances,  side by side. 
Withdrawal of fluid may, it appears, hasten autolysis and disappear- 
ance of polynuclear leucocytes, so that fibrin removed from the chest 
four  days  after  the  onset  of  pleurisy  (Experiments  XXIV  and 
XXVII)  may fail to digest in the presence of alkali, failure to digest 
indicating absence of leucoprotease.  In  association with  this  fact, 
it is noteworthy that after aspiration of fluid, resolution of fibrin is 
incomplete, and at the end of ten days or two weeks, fibrin is much 
more abundant when fluid has been withdrawn than when pleurisy 
has pursued an interrupted course. 
It  is by no means improbable that the localized abscesses  which 
have been found more frequent after aspiration than with uninter- 
rupted pleurisy are referable to  a  similar cause,  namely, increased 
autolysis no longer restrained by anti-enzyme of the exuded fluid. 
Enzyme set  free by  autolysis  of  cells,  on  the  one  hand,  may be 
rapidly  removed or  destroyed,  whereas,  on  the other  hand,  when 
such products are present in large quantity or when their escape is 
prevented,  a  localized focus of  suppuration,  characterized by solu- 
tion of fibrin, may result.  In this  way, probably,  are  formed the 
localized  abscesses  which  occur  when  fluid  is  withdrawn  after  a 
single  injection  of  turpentine.  Nevertheless,  though  focal  ab- 
scesses have been more frequent after aspiration,  they occur when 
the experimental pleurisy has an uninterrupted course. 
Increase of  enzyme may be  equally efficient in  transforming  a 
fibrinous  into  a  purulent  exudate.  For  even  though  a  large 
quantity of fluid  accumulates in  the chest after repeated injection 
of the irritant,  continued migration of  leucocytes, many of which 
undergo  destruction,  will  finally  set  free  enzyme  (leucoprotease) 
in quantity sufficient to overcome the large amount of anti-enzyme; Eugene L.  Opie.  427 
that  there  is  a  certain  quantitative  relation  between  enzyme  and 
anti-enzyme  has  been  shown  in  a  previous  publication. 3  The 
exuded fluid assumes  the character  of  pus;  leucocytes are present 
in  immense  number  and  fibrin  infiltrated  with  leucocytes  under- 
goes disintegration. 
The effect of a  single injection of turpentine varies within such 
wide  limits  that  in  some  instances,  doubtless  dependent  upon 
peculiarities of the animal injected, one half a  cubic centimeter may 
produce  more  intense  inflammation  than  two  cubic  centimeters. 
The effect of repeated injections is  equally variable.  In some in- 
stances,  a  sero-fibrinous  pleurisy  results  (Experiments  XVII, 
XXIX, XXX and XXXI).  It is noteworthy that removal of fluid 
is  followed by transformation of such a  sero-fibrinous into a  puru- 
lent exudate, even though a  large part,  if not all of the turpentine 
which still remains in the chest is removed with the aspirated fluid. 
The serum of the purulent exudate fails to  inhibit in vitro the en- 
zyme contained in the fibrin, now infiltrated with an immense num- 
ber  of  polynuclear  leucocytes.  Nevertheless  in  interpreting  the 
experiments which have been described it must be  recognized that 
a  sero-fibrinous  inflammation cannot  in  the transitional  stages  be 
sharply separated from suppuration. 
There  can  be  little  doubt  that  the  purulent  exudate  in  which 
enzyme is more powerful than anti-enzyme itself acts as an inflam- 
matory irritant  and  intensifies the exudation of  fluid  and  emigra- 
tion  of  leucocytes.  When  after  aspiration  of  fluid  and  removal 
with the fluid of all or almost all of the inflammatory irritant, sup- 
puration fails to occur, or is limited to a  small abscess cavity  (Ex- 
periments  XXII  to  XXVI),  there  is  little  or  no  reaccumulation 
of  fluid.  With  the  occurrence of  suppuration,  on  the  contrary, 
there is  rapid  accumulation of  fluid, which gradually increases  in 
quantity and become richer in cells.  Immediately after aspiration, 
if the explanation which has been offered is correct, the dispropor- 
tion  between  enzyme  and  anti-enzyme  is  greatest,  and  there  is 
greatest  opportunity  for  solution  of  fibrin.  The  unrestrained 
enzyme, at the same time has an opportunity to exert an injurious 
influence upon the pleural surfaces. 
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